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ELECTRODE STRUCTURE FOR A WIDE VIEWING ANGLE LIQUID 

CRYSTAL DISPLAY 

FIELD OF THE INVENTION 

The present invention relates generally to an electrode structure of a liquid 
crystal display, and more particularly to an electrode structure of a wide viewing 
angle liquid crystal display. 

BACKGROUND OF THE TNVENTTON 

A large number of liquid crystal display (LCD) panels have recently been 
employed as display devices in electronic products. The technologies of wide 
viewing angle liquid crystal displays have been disclosed very often in recent years. 
In a Taiwan patent application No. 88108187 entitled "Electrode Structure of A 
Wide Viewing Angle Liquid Crystal Display", an electrode structure for providing 
wide viewing angle is disclosed. The electrode structure comprises an upper 
electrode layer having multiple comb-shaped and parallel conductors on a glass 
substrate, a lower electrode layer having a TN-type conductor and a layer of non- 
conductive insulator formed between the upper and lower electrode layers. 

In the embodiment of the Taiwan patent application, the pixel electrodes in 
the upper layer of the electrode structure has a comb-shaped structure while the 
common electrode in the lower layer has a plate-shaped structure. A layer of 
negative-type liquid crystal is used to fill the space between the upper and lower 
glass substrates of the LCD. The two electrode layers are fabricated on the lower 
glass substrate. 
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The drawback of the electrode structure disclosed in the Taiwan patent 
application is that the liquid crystal driven by an electric voltage rotates toward one 
direction. Therefore, the effect of color dispersion at different viewing angle limits 
the viewing angle of the LCD and degrades the quality of the display. 

SUMMARY OF THE TNVKNTTON 

The present invention has been made to overcome the above-mentioned 
drawback of the electrode structure in the prior art. The primary object of the 
invention is to provide an electrode structure for a wide viewing angle liquid crystal 
display. The electrode structure has upper and lower electrode layers. The pixel 
electrode in the upper layer has a herringbone-shaped structure while the common 
electrode in the lower layer has a plate-shaped structure. 

The liquid crystal display has two separated glass substrates between which 
liquid crystals are filled. Multiple scan signal lines, multiple data signal lines, 
multiple switching elements, and a layer of common electrodes are fabricated on the 
surface of the lower glass substrate. The scan signal lines are perpendicular to the 
data signal lines in order to form a pixel matrix. A passivation layer made of a 
transparent non-conductive insulator is formed between the layer of pixel electrodes 
and the layer of common electrodes. 

The herringbone-shaped structure of the pixel electrodes allows the liquid 
crystal molecules to rotate in two directions, clockwise and counterclockwise. The 
color dispersion caused by a wide viewing angle is thus compensated for. The 
herringbone-shaped structure also helps to maintain the brightness of pixels. 


The foregoing and other objects, features, aspects and advantages of the 
present invention will become better understood from a careful reading of a detailed 
description provided herein below with appropriate reference to the accompanying 
drawings. 

5 BRTF.F DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top view showing the electrode structure of a single pixel for a wide 
viewing angle liquid crystal display according to the preferred embodiment 
of the present invention. 

FIG. 2 shows the liquid crystal rotates in two opposite directions according to the 
1 0 electrode structure of the present invention. 

FIG. 3 shows the cross section along line AA' and line BB' of FIG. 1. 

FIG. 4 illustrates the brightness distribution in a single pixel of the electrode 
structure of the present invention when an electric voltage is applied. 

TVRTATT ED DESCRIPTION OF THE PREFERRED EMBODIME NTS 

1 5 FIG. 1 is a top view showing the electrode structure 1 00 of a single pixel for 

a wide viewing angle liquid crystal display according to the preferred embodiment 
of the present invention. Referring to FIG. 1, the upper layer of the electrode 
structure 100 comprises a plurality of pixel electrodes 101 each having a 
herringbone-shaped structure while the lower layer comprises a common electrode 

20 1 02 having a plate-shaped structure. The scan signal line region 1 03 is perpendicular 
to the data signal line region 104 to form a pixel. 
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As shown in FIG. 1, a thin film transistor 105 used as a switching device is 
located near the crossing point of the scan signal line region 103 and the data signal 
line region 104 in a single pixel The scan signal line region 103 and the data signal 
line region 104 are adjacent to the area where the pixel electrodes 101 are formed. 

5 The thin film transistor is an active switching device that controls the 

charging and discharging of the pixel electrodes. In addition to the thin film 
transistor, the active switching device may also be a Metal Oxide Semiconductor 
(MOS) transistor, a diode, a Metal-Insulator-Metal (MIM) transistor or a variable 
resistor according to the invention. 

10 The following illustrates in detail the electrode structure of a wide viewing 

angle liquid crystal display of the present invention. The electrode structure 
including a common electrode layer, a pixel electrode layer, and a passivation layer 
is formed above a glass substrate. On the top surface of the glass substrate, there are 
multiple scan signal lines, multiple data signal lines, multiple switching elements, 

15 and a layer of common electrodes. The passivation layer is made of a transparent 
non-conductive insulator and located between the common electrode layer and the 
pixel electrode layer. The passivation layer can be formed by depositing or growing 
an insulator film on the thin film transistor. 

For every single pixel, the data signal line is located above and perpendicular 
20 to the scan signal line. At least a switching element such as a thin film transistor 1 05 
is fabricated near the crossing point of the scan signal line and the data signal line. 
The gate terminal of the switching element connects to the scan signal line, the drain 
terminal connects to the data signal line and the source terminal connects to the pixel 


electrode. 

As mentioned above, the pixel electrode has a herringbone-shaped structure. 
Pixel electrodes are formed in parallel. The turning angle G shown in FIG. 2 in the 
herringbone-shaped structure is within a pre-defined range, about 45 to 90 degrees. 
5 The herringbone-shaped structure of the pixel electrodes allows the liquid crystal 
molecules 201 to rotate in two directions, clockwise and counterclockwise. As 
shown in FIG. 2, the liquid crystal molecules 201 rotates in both clockwise and 
counterclockwise directions by a 0 angle. The color dispersion caused by a viewing 
angle is thus compensated for and the effect of color dispersion is reduced. 

10 The herringbone-shaped structure of the pixel electrodes maintains the 

brightness above the pixel electrodes in the certain range of 0. The intensity is 
proportional to the square of sin20, therefore, if the turning angle 0 is less than 45 
degrees, the maximal value of 0 is also less than 45 degrees. The pixel brightness 
will not reach its maximum value. 

1 5 According to the invention, the electrode pitch in the layer of pixel electrodes 

is about 1 to 15 urn and the electrode width is about 1 to 10 (am. In the structure of a 
single pixel, the herringbone-shaped pixel electrodes 101 and the common electrode 
102 both keep a distance from the scan signal line region 103 and the data signal line 
region 1 04. They do not cross over the scan signal line region 1 03 and the data signal 

20 line region 104. 

FIG. 3 shows the cross section along line AA' and line BB' of FIG. 1. Along 
line AA' of FIG. 1 is the steps of fabricating the thin film transistor, the data line and 
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the scan line. Along line BB' is the steps of fabricating the pixel electrodes 101 and 
the common electrode 102. 

Referring to FIG. 3, the cross section along line AA' of FIG. 1 illustrates in 
detail every layer of the structure above the substrate. A metallic layer of the scan 

5 signal line 301 is first formed above the glass substrate 303. Then, the glass 
substrate 303 is covered with an insulator layer 304 and an island-like region 305 is 
formed to provide an active layer for the thin film transistor. The thin film transistor 
comprises at least a gate, a drain, and a source. The gate terminal of the thin film 
transistor connects to the scan signal line 301 , the drain terminal connects to the data 

1 0 signal line 307 and the source terminal connects to the pixel electrodes 306. 

The present invention forms a layer of plate-shaped common electrodes 306. 
The plate-shaped common electrodes 306 can be made of transparent or non- 
transparent conductive materials. The general transparent conductive materials may 
be indium-tin-oxide (ITO), Sn0 2 , N type amorphous silicon film, N type poly- 
15 silicon film, P type poly-silicon film, and ZnO, etc. Non-transparent conductive 
material may be other metallic material. The plate-shaped common electrodes 306 
do not cross over the island-like region 305, as shown in FIG. 3. 

Above the island-like region 305 is a metallic layer of data signal lines 307. 
A passivation layer 308 is further used to cover the substrate. Similarly, the electric 
20 contact with the data signal line metallic layer 307 can be established by forming 
multiple contact holes outside the pixel region. 

Along line BB' of FIG. 1 is the steps of forming the layer of pixel electrodes 
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and the common electrodes. A layer of herringbone-shaped pixel electrodes 309 is 
fabricated above the layer of common electrodes 306 and the passivation layer 308. 
The herringbone-shaped pixel electrodes 309 can be made of transparent or non- 
transparent conductive materials. 

5 As mentioned above, the structure of the herringbone-shaped pixel 

electrodes preserves the brightness of pixels. FIG. 4 illustrates the distribution of 
brightness in a single pixel of the electrode structure of the present invention when 
an electric voltage is applied. The brightness at the middle portion 401 of the 
herringbone-shaped pixel electrode is almost zero. However, more than 70% 

10 effective transmission of light can be achieved at regions 402, 403, 404, and 405 that 
are parallel to each other. 

Although this invention has been described with a certain degree of 
particularity, it is to be understood that the present disclosure has been made by way 
of preferred embodiments only and that numerous changes in the detailed structure 
15 and combination as well as arrangement of parts may be restored to without 
departing from the spirit and scope of the invention as hereinafter set forth. 


7 


yjhat is claimed is: 

1 1. An electrode structure of a wide viewing angle liquid crystal display 

2 comprising: 

3 a scan signal line; 

4 a data signal line perpendicular to said scan signal line, said scan signal line and 

5 said data signal line defining a pixel area; 

6 a common electrode in said pixel area; 

7 a passivation layer above said common electrode; and 

8 a plurality of pixel electrodes each having a herringbone-shaped structure and 

9 running substantially in parallel with said data signal line above said passiviation 
1 0 layer and said common electrode. 

1 2 . The electrode structure of a wide viewing angle liquid crystal display as claimed 

2 in claim 1 , said common electrode having a plate shape. 

1 3 . The electrode structure of a wide viewing angle liquid crystal display as claimed 

2 in claim 1, said herringbone-shaped structure having a turning angle ranging 

3 from 45 degrees to 90 degrees. 

1 4. The electrode structure of a wide viewing angle liquid crystal display as claimed 

2 in claim 1 , said plurality of pixel electrodes having a pitch ranging from 1 to 1 5 

3 and the width of each pixel electrode ranging from 1 to 10 |im. 

1 5. The electrode structure of a wide viewing angle liquid crystal display as claimed 

2 in claim 1, wherein said common electrode is made of indium-tin-oxide, Sn0 2 , 

3 N-type amorphous silicon film, N type poly-silicon film, P type poly-silicon film, 
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4 or ZnO. 

1 6. The electrode structure of a wide viewing angle liquid crystal display as claimed 

2 in claim 1, wherein said pixel electrodes are made of indium-tin-oxide, Sn0 2 , 

3 N-type amorphous silicon film, N type poly-silicon film, P type poly-silicon 

4 film, or ZnO. 

1 7. The electrode structure of a wide viewing angle liquid crystal display as claimed 

2 in claim 1, wherein said pixel electrodes are made of metal material. 

1 8. The electrode structure of a wide viewing angle liquid crystal display as claimed 

2 in claim 1 ? further comprising a switching device. 

1 9. The electrode structure of a wide viewing angle liquid crystal display as claimed 

2 in claim 8, said switching device being a thin film transistor. 
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ABSTRA CT 

An electrode structure for a liquid crystal display includes a layer of pixel 
electrodes each having a herringbone-shaped structure, a passivation layer and a 
layer of common electrodes. The pixel electrodes are formed in parallel above the 
common electrodes. The herringbone-shaped structure of a pixel electrode has a 
predefined turning angle between 45 degrees to 90 degrees. The pixel electrode 
structure allows the liquid crystals in the display to rotate in two directions, 
clockwise and counterclockwise, to compensate for the color dispersion caused by a 
wide viewing angle. 


10 






UNITED STATES OF AMERICA 
COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 


FILE NO. 

UPA-00103 


As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next to my name and that I verily believe that 1 
am the original, first and sole inventor(if only one name is listed below) or an original, first and joint inventor(if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled. 

ELECTROD E STRUCTURE FOR A WIDE VIEWIN G ANGLE LIQUID CRYSTAL DISPLAY 


the specification of which is attached hereto, unless the following box is checked: 

□ was filed on as United States patent application Serial Number 

No. and was amended on 


_, or PCT Internationa] patent application 


^(if any). 


I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any amendment referred to 
above. 

I acknowledge the duty to disclose all information known to be material to patentability in accordance with Title 37, Code of Federal Regulations, Section 1 56. 
I hereby claim foreign priority benefits under Title 35, United States Code, Section 119 of any foreign application(s) for patent or inventor's certificate or United 
States provisional application(s) listed below and have also identified below any foreign application for patent or inventor's certificate having a filing date before that of 
the application on which priority is claimed: 

Prior Foreign Application(s) or Provisional Application(s) 


COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 

(day, month year) 


PRIORITY CLAIMED 
UNDER 35 U.S.C.119 


Taiwan 


088108187A01 


September 13, 1999 


YESX 


NO 


YES 


NO 


^ I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and, insofar as the subject matter of each 
ofejie claims of this application is not disclosed m the prior United States application in the manner provided by the first paragraph of Title 35, United States Code, 
Section 112 I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations, Section 1.56 which 
became available between the filing date of the prior application and the national or PCT international filing date of this application 


UNITED STATES APPLICATION 
NUMBER 


DATE OF FILING 

(day, month, year) 


STATUS 

(patented, pending, abandoned) 


Lj I hereby appoint Jason Z. Lin, Registration No. 37,492, whose address is list below, as my principal agent with full power of substitution and revocation to prosecute 
thts application, to transact all business in the Patent and Trademark Office connected therewith and to receive all correspondence 


SEND CORRESPONDENCE TO : 


Jason Z. Lin 

19597 Via Monte Drive Tel: (408) 867-9757 
Saratoga, CA 95070 Fax: (408) 867-7437 


I hereby declare that all statements made herein of my own knowledge are true and that ail statement made on information and belief are believed to be true; and 
further that these statement were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application or any patent issued thereon 


FULL NAME OF SOLE OR FIRST INVENTOR 
Dai-Liang Ting 


INVENTORS SIGNATURE 


DATE , 


RESIDENCE 

2F, 13-3, Alley 10, Lane 155, Sec. 2, Kuang-Fu Rd., Hsinchu, Taiwan, R.O.C. 


COUNTRY OF CITIZENSHIP 
Taiwan, R.O.C. 


POST OFFICE ADDRESS 

No. 195, Sec. 4, Chung Hsing Road, Chutung, Hsinchu, Taiwan 310, R.O.C. 


FULL NAME OF SECOND JOINT INVENTOR(if any) 
Lisen Chuang 


INVENTORS SIGNATURE 


DATE 

irff a/w in 


RESIDENCE 

No- 122, Hushi Village, Hushi Country, Penghu, Taiwan, R.O.C. 


COUNTRY OF CITIZENSHIP 
Taiwan, R.O.C. 


POST OFFICE ADDRESS 
No. 195, Sec. 4, Chung Hsing Road, Chutung, Hsinchu, Taiwan 310, R.O.C. 


FULL NAME OF THIRD JOINT INVENTOR(if any) 
Ching-Chao Chang 



DATE 


RESIDENCE 

3F, 9-1, Lane 16, Wenchou St, Taipei, Taiwan, R.O.C. 


COUNTRY OF CITIZENSHIP 
Taiwan, R.O.C. 


POST OFFICE ADDRESS 

No. 195, Sec. 4, Chung Hsing Road, Chutung, Hsinchu, Taiwan 310, R.O.C. 


